A new benthic freshwater diatom species belonging to the genus Achnanthidium Kütz. has been recorded from several watercourses in the North of Portugal. Achnanthidium caravelense Novais et Ector is described as a new species based on light and scanning electron microscopic observations, as well as on its ecological preferences as reconstructed from field observations. The most characteristic morphological features of this species are the different outline of the raphe valve (narrowly elliptic with linear margins) and the rapheless valve (narrowly elliptic to narrowly rhombic with moderately convex margins), the non-protracted broadly rounded apices and the length/width ratio. Furthermore, the areolae of the single row along the mantle are elongated and are more or less widely open, which is a characteristic discernible in girdle view under light microscopy. The species that A. caravelense resembles most is A. eutrophilum (LaNgE-BErt.) LaNgE-BErt.; nevertheless it can be distinguished from the latter by the different raphe valve outline, its higher valve length/width ratio and autecology. A. caravelense is common and abundant in soft waters with low to moderate nutrient content in the North of Portugal.
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Introduction
Species of the genus Achnanthidium Kütz. are common and abundant in benthic communities, colonizing distinct substrates in diverse freshwater habitats (e.g. PotaPova & PoNadEr 2004 , WojtaL et al. 2010 . Achnanthidium has been restituted to genus rank by MaNN (rouNd et al. 1990 ), since previously it was considered as a subgenus of Achnanthes Bory (e.g. PatricK & rEiMEr 1966) . Since then, the genus Achnanthes has been split into several genera, the genus Achnanthidium being confined by rouNd & BuKhtiyarova (1996) to the taxa morphologically similar to the generitype A. microcephalum Kütz. According to rouNd & BuKhtiyarova (1996) , the genus Achnanthidium can therefore be characterized by its linear-lanceolate to lanceolate-elliptic valves, radial or almost transverse striae, which are uniseriate in SEM and coarser in the centre (especially in the raphe valve); cells in girdle view are shallow-V-shaped, the raphe valve presents a fine central raphe hardly expanded at the centre, straight or turned to one side at the apex and a row of slightly elongated areolae in the mantle.
Achnanthidium minutissimum sensu lato is one of the most frequent species within this genus and has been reported from acidic to alkaline and from oligotrophic to hypereutrophic waters, which has been questioned by several researchers and is considered a good example of a common species that needs further studies (rouNd 2004) . Although the A. minutissimum complex has been recently a subject of more detailed studies (e.g. PotaPova & haMiLtoN 2007) , there are still gaps in the knowledge, especially of the ecological preferences of the species. rouNd (2004) pointed out that the current taxonomic system on diatoms often uses "aggregate" species, which comprise numerous forms with different ecological requirements.
During a survey of benthic diatoms sampled in watercourses from Mainland Portugal Achnanthidium frustules morphologically ascribable to the A. minutissimum complex and most similar to A. eutrophilum (LaNgE-BErt.) LaNgE-BErt. have been found. Since these individuals were present in numerous reference sites, a more detailed examination of the taxon was performed by means of light (LM) and scanning electron microscopy (SEM). Furthermore, the examination of the environmental characteristics of the sites where it has been sampled allowed us to gather sufficient information to propose this as a new species for science, being described and characterized hereby.
Material and methods
Benthic diatoms were sampled in spring and summer 2006 and 2007 in streams and rivers from Mainland Portugal. Epilithic diatom samples were treated by oxidation using hot hydrogen peroxide (35 %) and diluted HCl (37 %) in order to obtain a suspension of clean frustules. Permanent slides were mounted with Naphrax®. LM observations and morphometric measurements were performed using a Leica® DMRX brightfield microscope with 100x oil immersion objective and light microscopy photographs were taken with a Leica® DC500 camera. Samples selected for scanning electron microscopy analysis were filtrated through polycarbonate membrane filters with a pore diameter of 3 μm, mounted on stubs using double sided carbon tape and sputtered with platinum (30 nm) with Modular High Vacuum Coating System (BAL-TEC MED 020) and studied with a Hitachi SU-70, operated at 5.0 kV. Morphological terminology follows ross et al. (1979 ( ), rouNd et al. (1990 and KraMMEr & LaNgE-BErtaLot (1991) . For comparison, the following publications were consulted: choLNoKy (1957 ), cartEr & dENNy (1982 , KoBayasi & MayaMa (1982) , LaNgE-BErtaLot & KraMMEr (1989) , KraMMEr & LaNgE-BErtaLot (1991) , KoBayasi (1997) , MoNNiEr et al. (2004 MoNNiEr et al. ( , 2007 To perform the morphometric analysis a total of 120 valves (60 raphe valves and 60 rapheless valves) of each species have been measured under the LM microscope with the 100x oil immersion objective.
Ecological preferences of Achnanthidium caravelense and A. eutrophilum were inferred based on environmental variables from 73 sites from Mainland Portugal where these taxa have been found with a relative abundance above 1 % (31 sites for A. caravelense and 43 sites for A. eutrophilum). In total 20 environmental parameters were assessed by calculating the abundance weighted-average (WA):
, pH, conductivity (mS cm -1 ), current velocity (m s -1 ), altitude (m), catchment area (km 2 ) and distance from source (m). Standard methods for water chemical analysis were used according to APHA (1995) .
The distribution map of Achnanthidium caravelense was generated using GIS software ArcGIS 9.3 (ESRI 2008). Statistical analysis for A. caravelense and A. eutrophilum morphometric data was performed by analysis of variance over the length/width ratio. Differences in ecological preferences were analysed using only samples from streams (31 sites for A. caravelense and 30 sites for A. eutrophilum) since A. caravelense was not present in reservoirs. The analysis was performed using a weighted general multivariate model after variables normalization (natural logarithm). Statistical analyses were performed with SPSS software (SPSS 16.0 for windows, SPSS Inc. 1989 -2007 Table 4 . The specific epithet caravelense refers to the name of the stream "Caravelas" where the type material was sampled (Ribeira das Caravelas).
Description:
Valves narrowly elliptic or lanceolate to narrowly rhombic with linear to moderately convex margins and only very weakly to non-protracted, broadly rounded apices. Valve dimensions (n = 120): 9.6-17.0 mm long and 2.5-4.2 mm wide. Raphe valve concave with a linear axial area and a central area varying from almost absent to rounded. Raphe straight, filiform with gradually expanding, straight central raphe pores and straight terminal endings. Transapical striae radiate throughout the entire valve, becoming denser and more strongly radiate towards the apices, 30 in 10 mm in the middle of the valve up to 35-40 in 10 mm near the apices. Striae composed of 2-4 rounded to transapically elongated areolae, sometimes being slit-like near the valve margin. Striae near the apices formed only by rounded areolae. Rapheless valve slightly convex with narrow, linear axial area slightly widening towards the central area. Central area weakly elliptical and almost absent, with more widely spaced striae bordering it. Transapical striae radiate throughout the whole valve, slightly denser near the apices, 30 in 10 mm up to 35 in 10 mm near the apices. Striae mainly composed of 3-4 round to transapically elongated areolae. Areolae terminating the striae near the valve margin sometimes slit-like. Internal areolae openings occluded by hymenes (Fig. 35) . The areolae of the single row along the mantle are elongated and are more or less widely open, which is a characteristic discernible under LM in girdle view (Figs 14-16 ).
Comparison with similar species
Achnanthidium caravelense is one of the few species presenting an irregular appearance of the striae in girdle view, due to some enlarged areolae in the mantle. Among the few species presenting this characteristic we can find the African species Achnanthes standeri choLNoKy and A. taiaensis J. R. cartEr, described from South Africa by choLNoKy (1957) and from Sierra Leone by cartEr & dENNy (1982), respectively. Nevertheless, Achnanthidium caravelense differs from Achnanthes standeri by the absence of the clearly visible irregularities in the rapheless valve in valve view (under LM), the more linear to linear-lanceolate rapheless valve in A. standeri, its larger valve dimensions and the central area sometimes unilaterally expanded to the valve margin. Achnanthes taiaensis also presents clearly visible irregularities in the striae of the rapheless valve in valve view (under LM) and its striae are perpendicular to the midline, about 40 in 10 mm, whilst in Achnanthidium caravelense the striae are always radiant and circa 30 in 10 mm up to 35 in 10 mm close to the apices. Achnanthes taiaensis and A. standeri are two poorly known species, therefore they should be subject of detailed studies, since the original descriptions and drawings provided by choLNoKy (1957) and cartEr & dENNy (1982) correspond better to the current concept of the genus Achnanthidium and a future transfer to this genus should be considered. The valves of Achnanthidium caravelense are usually wider than those of A. minutissimum, which presents both raphe and rapheless, linear-elliptic to linearlanceolate valves with protracted capitate ends, while A. caravelense shows a narrowly rhombic rapheless valve and not protracted rounded ends. Achnanthidium caravelense can be easily distinguished from A. affine (gruN.) czarN. by the absence of the typical central area presenting a large wedge-shaped fascia. Achnanthidium exile (Kütz.) rouNd et BuKht. differs from A. caravelense by its wider valves and the typical elliptic central area in the raphe valve.
To facilitate the comparison between Achnanthidium caravelense and morphologically similar species, their morphological characteristics are summarized in Table 1 .
The species that Achnanthidium caravelense resembles most in terms of valve dimensions and outline is A. eutrophilum, which led us to compare the morphology and ultrastructure of A. caravelense (Figs 1-36 Table 1 where both populations are compared. The observation of the LM micrographs showed that Achnanthidium eutrophilum presents a more rhombic raphe valve than A. caravelense; nevertheless, its rapheless valves are quite similar. Therefore, a morphometric analysis was performed in order to verify if there were measurable differences between these two species. A total of 120 valves (60 raphe valves and 60 rapheless valves) of each species have been measured and the results are given in Figures 78 and 79 . The morphometric analysis shows that there are differences between the two Achnanthidium species, mainly regarding the raphe valve, which is longer and narrower in A. caravelense than in A. eutrophilum, as seen in Figure 78 . The rapheless valves are more similar, presenting more overlap among specimens, even though the majority of the Achnanthidium caravelense valves are larger, while the width is quite similar.
The valve outline (especially of the raphe valve, seen in LM micrographs) and the morphometric analysis in terms of width and length demonstrated differences in both species. This led us to consider that the length/width ratio can be a good character to distinguish between them. The box-plots with the length/width ratio of Achnanthidium caravelense and A. eutrophilum (Fig. 80) showed that it is indeed a good character to distinguish between them, especially in the case of the raphe valve. In addition, analysis of variance evidenced significant differences between the length/width ratio of Achnanthidium caravelense and A. eutrophilum with p<0.001. Achnanthidium caravelense presents a length/width ratio usually above 4 while in A. eutrophilum it is around 3, as seen in Table 2 where the main morphometric characteristics of both species are summarized.
Ecology, distribution and associated diatom flora
Although the morphology of Achnanthidium caravelense under LM could resemble A. eutrophilum at first sight, the fact that it was found in samples from several reference sites, according to the classification in the context of the implementation of the Water Framework Directive (2000/60/EC) in Portugal, made us consider it could be a species with different ecological requirements. Subsequently, the abundance-weighted averages of 16 physical and chemical variables and current velocity, altitude, distance from source and catchment area were calculated for both species in Portugal (Table 3) .
Analysis of the variables weighted averages and their ranges, presented in Table 3 , supports the hypothesis that both species differ by their ecological preferences. The results from a multivariate analysis (Hotelling's Trace statistics) confirm the difference (p < 0.001). In Table 3 are marked the variables for which the two species showed statistically significant different preferences. Therefore, the ecological preferences of these species are significantly different (with p < 0.001) 3-: 78 mg L -1 ). In total, Achnanthidium caravelense has been recorded with abundances above 1 % in 31 sampling sites (30 in the North, only one in the Centre, and none in the South of Portugal) belonging to the Ave, Cávado, Douro, Lima, Leça and Minho watersheds. The characterization of the sampling sites and the respective distribution map are presented in Table 4 and Figure 81 . Achnanthidium eutrophilum has been recorded in abundances above 1 % in 43 sampling sites in streams and reservoirs distributed all over the country and belonging to the watersheds of Ribeiras do Algarve (5 sites), Mira (1 site), Guadiana (6 sites), Tejo (16 sites), Mondego (5 sites), Vouga (4 sites) and Douro (6 sites).
Besides Achnanthidium caravelense, the diatom community was dominated in its type locality by A. lineare W. sM. and A. rivulare PotaPova et PoNadEr, which are species characteristic of nutrient-poor to moderately nitrogen rich waters (PotaPova & PoNadEr 2004 , vaN dE vijvEr et al. 2011a 
